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1
OMNIDIRECTIONAL SPEED COCKPIT DISPLAY

BACKGROUND OF THE INVENTION

Omnidirection speed displays are found in United
States Patent and Trademark Office Class 73, Measur-
ing and Testing, subclass 178H and in Class 116, Indica-
tors, subclass 129 and Digest 43. Examples of prior art
are found in U.S. Pat. Nos. 2,567,212; 2,845,623:
3,048,836; 3,395,576; 3,355,733; and 4,044,709.

SUMMARY OF THE INVENTION

‘The omnidirectional airspeed display is an airspeed
indicator designed to receive and display omnidirec-
tional airspeed from zero knots to 2504 knots in any
direction. The magnitude of the flight path vector is
presented on a digital lighted display, located at the top
of the indicator face. This portion of the display consists
of three filtered, variable voltage, seven segment, incan-
descent displays providing 0.5 inch digits. This lighted
display is capable of reading continuously from 000 to
999, but the normal operating range is 000-250+ for
airspeed indications. The longitudinal component of
airspeed drives a rotating drum which moves past a
fixed horizontal bar. When speed increases in the for-
ward direction, the face moves. When speed becomes
more aft, the face moves up. The drum is driven by a
phase controlled DC motor torque/potentiometer. Me-
chanical stops constrain rotation of this drum so as to
prevent rotation past an indication of about 220 knots
forward and 50 knots rearward.

When the rearward component exceeds about 7
knots, a 28 volt red, filtered incandescent lamp illumi-
nates to warn of rearward flight. This lamp is mounted
behind the face plate and located between the “L” and
“R” on the sideward airspeed scale at the lower edge of
the indicator.

A high speed limit flag tracks with the drum and
approaches the fixed horizontal bar as the limit forward
airspeed is approached. This limit flag is driven by a
high torque microamp meter aircraft mechanism.

A vertical bar moves right for increases in component
airspeed to the right, and left for increases to the left.
‘This bar has a useful indication range of about +45
knots and rests against mechanical limits at about =+ 50
knots. Three red triangles are mounted on both sides
and partially cover the bar when it nears the mechanical
limits. The vertical bar is driven by a high torque micro-
amp meter aircraft mechanism.

An “Off” flag provides warning of power loss and
other airspeed subsystem failures which may be mecha-
nized to interrupt the fail-show circuit. This flag is
driven by a hlgh torque circuit device.

The display is lighted from within the drum and from
the front of the display case. The face markings include
ten knot incremental speed division, a rotor engagement
envelope, and an extended horseshoe, indicating the
safe flight envelope. |

An omnidirectional cockpit display apparatus of the
present invention has a drum and means for supporting
and turning the drum and a zero point, and a safe flight

envelope marked on the drum, surrounding the zero
point.

The safe flight envelope provides the pilot a refer-
ence as to the conditions, in regard to lateral and verti-
cal wind speed components within which the aircraft
can safely operate. Operation of the aircraft outside the
safe flight envelope increases the chance of the aircraft
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not being able to respond in a normal manner. The pilot
will use the safe flight envelope for landing and take-off,
hovering and inflight operations. Additionally, there
are separate parameters, specifically for safe rotor en-
gagement and disengagement. This envelope is similar
but not exactly the same as the safe flight envelope.

The safe flight envelope has portions for indicating
rearward and lateral flight relatively slightly spaced
from the zero mark and portions for indicating lateral
safe flight limits in forward flight directions relatively
more spaced from the zero point mark and extending
substantially around the drum.

The safe flight envelope mark extends in a direction
for indicating rearward and lateral flight generally in a
semicircle which is based from the zero point and
wherein the safe flight envelope mark continues upward
from positions laterally off-spaced from the zero point
in generally parallel lines and then tapers inwardly. In
one embodiment of the invention parts of the safe flight
envelope marks comprise broken lines spaced from the
zero point mark on the drum.

The omnidirectional speed cockpit display apparatus
safe flight envelope may have jagged edge sections to
facilitate seeing the line in one embodiment.

Plural parallel marks extend transverse to a forward
and rearward direction and indicate forward speeds.

Numbers marked on the drum adjacent the parallel
marks relate value of speed to each mark in tens of units.

Dots interpose medially between the parallel marks
for further indicating 10 knot increments of speed and
for highlighting the center position or the off-center
condition of the lateral bar near zero speed.

A plurality of dots arranged in circles on the ball
centered around the zero point highlight the zero point
and indicate speeds in directions from the zero point. By
providing dots opposed orthonormally, the circle pro-
vides a broadened accurate center, which is especially

important during reduced lighting.

A U-shaped mark having a semicircle extending in
the rearward speed indicating direction and centered on
the zero point mark and having parallel legs extending
in the forward speed-indicating direction indicates sig-
nificant twenty knot speed in rearward and lateral di-
rections.

A safe rotor engagement and disengagement enve-
lope 1s positioned around the zero point mark in varied
distances.

A fixed marker adjacent the drum cooperates with
the drum to indicate forward and rearward speeds as
the drum moves. |

A second marker moves transversely to motion of the
drum and indicates speed in lateral directions.

A digital display mounted adjacent the drum and
markers presents vectoral sum of speed.

A mounting plate has an opening revealing the face
on the drum. The horizontal bar extends across the
opening to indicate forward and rearward speed.

Zero and numerical indications of speed along one of
the upper and lower edges of the opening and a mov-
able bar mounted between the opening and the drum
indicate lateral speed.

Triangular portions along lateral edges of the open-
ing visually break the line of the movable bar when the
bar moves laterally to an extent that it i1s behind the
triangular portions. The bar appears broken, indicating
that lateral limits of the display have been reached or
exceeded.
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A moveable indicator along one lateral edge indicates
vertical speed.

A high speed limit flag movable with the ball to drum
appears in front of the drum and presents a warning of
reaching speed limits. | 5

Air density is presented on the lighted digits in re-
sponse to pushing an air density button or turning an air
density selector switch.

An indicator light is mounted on the face plate, and
means for energizing the indicator light are connected
to the mount for illuminating the light to indicate rear-
ward speed. |

Broadly, the omnidirectional speed cockpit display
apparatus comprises a mounting means, window means
connected to the mounting means for presenting indica-
tions of speeds, and comprising changeable face means
connected to the mount for presenting changeable 1n-
strument face indications with changeable safe flight
envelopes in the window means, horizontal bar means
connected to the mount for presenting fixed horizontal
bar indicators in the window means, movable vertical
bar means connected to the mount for presenting mov-
able vertical bar indicators in the window means and
digital speed indicating means connected to the mount
for presenting digital indications of vectoral speed sum
in the window means.

The omnidirectional speed cockpit display will indi-
cate the aircraft’s vertical speed, lateral speed and the
vectoral speed sum. The vectoral speed sum 1s attained
by determining the vectoral sum of the lateral and verti-
cal speed vectors. An external analyzing unit makes the
vectoral sum computations.

The invention provides the method of displaying
omnidirectional speed comprising presenting a change-
able face having speed indications within a window,
presenting safe flight envelope indications on the
changeable face, changing the face and thereby chang-
ing safe flight envelope indications, holding at least one
bar means stationary with respect to the changing face
and moving at least one other bar means with respect to
the changing face thereby presenting in cooperation
with the changing face orthogonal indications of
speeds.

Broad objectives of the invention may be provided by
moving the face and vertical bar electronically such as
by using a cathode ray tube.

A flag indicates when airspeed or ground speed in-
puts are being used.

'BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a drum and the markings of the present
invention.

FIG. 2 shows the drum of FIG. 1 and other moving .
parts of the omnidirectional speed indicator.

- FIG. 3 shows a plate which is mounted over the drum
shown in FIG. 2. | |

FIG. 4 shows the drum position behind the face plate.

FIGS. 5 through 9 show particular indication of gg
speed on the omnidirectional display.

FIG. 5 shows a display indicating seven knots 1n a
rearward flight direction.

FIG. 6 shows a speed of 51 knots substantially in the
rearward flight direction and beyond the rearward por- 65
tion of the safe flight envelope.

FIG. 7 shows a condition of slight rearward speed
and lateral speed beyond the indicator limits.
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FIG. 8 shows a condition of fast forward speed ap-
proaching safe flight limits, and FIG. 9 shows a condi-
tion of excessive forward speed.

DETAILED DESCRIPTION OF THE
DRAWINGS

Referring to FIGS. 1 and 2, a drum 1s mounted on a
shaft mounting means 3 for support and for rotation by
instrument drive motor 4, a phase controlled DC motor,
which is located within the drum but which is shown
schematically beside the drum. Movable face 6 move-
able with the drum has a zero point mark 11 and 10 knot
indicators represented by a plurality of dots 15 which
surround the zero point 11. Dots 1§ work in conjunc-
tion with the fixed and movable cross bars to indicate
the 10 knot speeds and assist vision in picking up the
zero point 11 in low light. The 10 knot speed indicators
represented by dots 15 reemphasizes the zero point.
Horizontal marks 17 as shown in FIG. 2 are graduations
showing speeds which are numerically represented on
the face of the drum in tens of knots.

In the preferred embodiment as described in the
drawing the horizontal bars 17 are spaced at 20 knot
intervals, and dots 19 denote ten know intervals be-
tween the 20 knot bars. Numerical values such as shown
in the ball and pointed out by reference numeral 24 in
FIG. 2 are related to the horizontal cross bars and give
speed values for the cross bars in multiples of ten knots.

For example, the 2’s in FIG. 1 and the 12, 14, 16, 18,
and 20 in FIG. 2 represent respectively 20, 120, 140,
160, 180, and 200 knots.

A horseshoe shaped line denotes the significant value
of 20 knot rearward and lateral speeds, as shown in
FIG. 1. |

A safe flight envelope 21 has jagged areas 22 which
facilitates seeing the line under dim lighting conditions.
The safe light flight envelope may be represented in
broken lines as shown in FIG. 1 or solid lines as shown

in FIG. 2. |

Envelope 22 continues around the drum face 6 and
tapers inward as speed increases.

Dashed line 25, indicated 2, represents 20 knot multi-
directional speed.

A safe rotor engagement-disengagement envelope 23
is added to face 6 to assist a helicopter pilot in knowing
when the rotor may be safely engaged and disengaged.

For example, if a helicopter is sitting on the ground
with its rotor disengaged, the wind causes the drum to
turn to indicate forward or rearward wind components
and causes the vertical indicator 30 to move left or right
to reveal lateral wind components. As long as the bars
cross within the area surrounded by envelope 23 the
rotor may be safely engaged. If the rotors cross outside
of the area, the pilot may wait until a wind gusts receeds
or may turn the craft so that the bars cross within an
area bounded by the safe engagement-disengagement
envelope 23. After the helicopter has landed, ambient
wind conditions may cause the bars to cross outside of
the envelope whereupon the pilot knows it 1S not safe to
disengage the rotor.

A movable vertical bar indicator 30 is schematically
shown in FIG. 2. Vertical bar 30 has a pointer 32 at one
end and is driven by a high torque microamp meter 34
which receive inputs from an analyzer which converts
raw outputs from a sensing device to inputs usable for
the meter 34 movement. The inputs through microamp
meter 34 drive vertical bar indicator 30 horizontally left
or right of a zero point. The microamp meter 34 drives
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indicator 30 which represents the quartum of the lateral
speed component affecting air speed the sensing device
may, for example, be a Loras low-range air speed sens-
ing device as applied by Pacer Systems, Inc. of Burling-
ton, Mass. Meter movement 34 and drwe motor 4-may
be conventional indicator movers.

High speed warning flag 40 1s connected through a
drive 42 to shaft 3 to the phase controlled DC motor 4
which moves the drum. Drive 42 is geared to the turn-
ing of shaft 3, so as the upper forward speed limit is
approached and indicated on face 6, the high speed flag
40 will move downward in conjunction with the reac-
tion of drum 1 1n view in window 4. As the upper
forward speed limit appears in the window, flag 40
starts to move downward and appears in the window
indicating the actual limit speed and giving a warning
that forward speed limit 1s being approached.

FI1G. 3 shows plate 50 which connects to mounts on
the front of the apparatus shown in FIG. 2. The dispo-
sition of plate 50 on tho apparatus of FIG 2 is shown in
FIG. 8. | -

Flag 40 is connected to a meter movement which is
driven by’ a signal so that it keeps the ¢orrect relative
position relative to the drum when the limit speed is
being approached. If density altitude changes or if gross
weight changes (etc) the correct relatlve position will
also change.

Plate 50 has a central window portion 54 with a win-
dow opening 55 through which the drum appears. Con-
ventional seven element digital displays 56 are posi-
tioned at the top of the window area 54. The display 56
will provide digital representation of the resultant vec-
toral speed based on the vectoral sum of the lateral
speed and vertical speed vectors. The abbreviation
KTS 58 indicates that the display reads in knots.

The plate 50 with window 54 has cross bar 68 Wthh
cooperates with face 6 to mdlcate aircraft speed as drum
1, with face 6 rotates.

A cross bar 68 is permanently mounted in the center
of the window and triangles 62, 64, and 66 extend in-
ward from lateral edges of window 55.

A sliding pointer 63 indicates vertical speed on a fixed
scale adjacent the pointer.

For example, vertical speed may be sensed by a con-
ventional electro-pneumatic instantaneous vertical
speed sensor (IVSI) as produced by Teledyne Avionics
of Charlottesville, Va.

The outer edge 52 of plate 50 has conventional

mounting holes for mounting on an instrument panel.

FIGS. 5 through 9 show varied indications on the
display. In FIG. 5§ the drum has been rotated slightly
upward so that the horizontal bar is slightly below cen-
ter as can be seen from the relationship of the bar with
the inner circle of dots. Seven knots are indicated on the
digital display 56. Vertical bar 30 is ahgned with the
zero indication on the scale of lateral air speed compo-
nent 72 located along the lower edge 70 of window 58.
Lamp 78 is illuminated, indicating rearward speed. The
seven knots indicates seven knots of rearward air speed
well within the safe flight envelope.

FIG. 6 shows a condition in which the safe flight
envelope has been exceeded in rearward air speed. Tri-
angular marks on the drum beneath the horizontal bar
indicate the drum has rotated to hard stops and point
the direction of recovery. Lamp 78 is lit.and the digital
indication shows 51 knots. The vertical bar shows an
offset of about 2 knots to the right.
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FIG. 7 indicates a dangerous situation in which the
safe flight envelope has been exceeded in lateral air
speed. Bar 30 has moved to the right behind warning

triangles at lateral edge 60.

The digital indicator shows vector sum 10f 71 knots air
speed and the rotational position of the drum shows a
slight rearward component of about 5 knots.

As.can be seen at the right of the drawing, the trian-
gles along edge 60 break up the line of bar 30, highlight-
ing the dangerous oonditi_on and showing direction of
TECOVETY. | |

In FIG. 8 the indicator shows an approach to a speed
of 140 knots in the forward direction and high speed
flag 40 has moved downward into position to indicate
the approach of the high speed limit of about 138 knots.

FI1G. 9 shows an exceedingly high speed limit condi-
tion when flag 40 has moved downward near triangle
66. The digital display indicates 182 knots vectoral air
speed sum, while the vertical bar indicates a 4 knot
lateral air speed component, and the fixed horizontal
bar 68 indicates a forward component of approximately

177 knots.

In a further form of the invention the moving face is
presented electronically by cathode ray tube and the
moving vertical bar and flag 40 and pointer 63 are also

produced electronically and the cathode ray tube. Se-

lector buttons 80 associated with the CRT display selec-
tively illuminate either the safe flight envelope or the

safe engagement-disengagement envelope 23 in F1G. 1.

In the CRT display, only portion of the envelope may
appear and only when said limits are approached.

In a preferred form of the invention lamp 78 1s a
bright red light. Scale 72 and numbers 74 and warning
flag 40 and cross bar 68 are illuminated from their side
edges. The drum has an internal light of variable inten-
sity to illuminate the translucent markings on the face 6
of the drum. ; |

In a preferred form of the invention, the drum mark-
ings are of different translucent colors.

Digital display 56 comprised seven-element conven-
tional lighted digits or rolling wheels or belts with
members rolling into view.

A button or selector switch means 82 located on the
instrument face selects air density indicator on the three
digits. At the same time letters “A/D” 84 or “air den-
sity”> may be rear lighted at the left of the digits. Con-
currently a lamp behind the *“Kts” notation 58 is extin-
guished. A solenoid-retained “OFF” flag 86 drops into
the window to indicate loss of power. A “G/S” or
“ground speed” flag 88 appears in the window to indi-
cate that the system is using ground speed inputs.

While the invention has been described with refer-
ence to the specific embodiments, 1t will be obvious to
those skilled in the art that variations and modifications
of the invention may be constructed without departing
from the scope of the invention. The scope of the inven-
tion is defined in the following claims.

I claim: |

1. Omnidirectional speed cockpit display apparatus
for helicopters and the like comprising a drum having
markings of lateral speed and forward and rearward
speed having shaft means connected to drive means for
supporting and turning the drum, a first zero point mark
on the drum, and a safe flight envelope marked on the
drum, and at least partially surrounding said first zero
point; a face plate with a second zero point mark, for
indicating forward and rearward speed with the drum a
lateral flight indicator means moving left or right of said
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second zero point as a means cooperating with lateral
speed markings and the safe flight envelope for indicat-
ing lateral speed and safety of lateral speed.

2. The omnidirectional cockpit display apparatus of
claim 1 wherein the safe flight envelope comprises an
elongated envelope having portions for indicating rear-
ward and lateral flight relatively slightly spaced from
the first zero mark and having portions for indicating
lateral safe flight limits in forward flight directions rela-
tively more spaced from the first zero point and extend-
ing substantially around the drum. *

3. The omnidirectional speed cockpit-display appara-
tus of claim 2 wherein the safe flight envelope extends
in a direction for indicating rearward and lateral flight
generally 1n a semicircle which is spaced from the first
zero point and wherein the safe flight envelope contin-
ues upward from positions laterally off-spaced from the
first zero point in generally parallel lines and then tapers
inwardly. | |

4. The omnidirectional speed cockpit display appara-
tus of claim 1 wherein the safe flight envelope com-
prises broken lines spaced from the ﬁrst Zero point on
the drum. -

5. The omnidirectional speed cockpit display appara-
tus of claim 1 wherein the safe flight envelope com-
prises lines having Jagged edges spaced from the first
Zero point.

6. The omnidirectional speed cockpit display appara-
tus of claim 1 further comprising plural parallel speed
indicators extending transverse to a forward and rear-
ward direction and positioned on the drum for indicat-
ing forward speeds.

7. The omnidirectional 5peed C()Ckplt display appara-

tus of claim 6 further comprising numbers on the drum’

adjacent the parallel speed indicator for relating value
of spéed to each speed indicator in tens of units.

8. The omnidirectional Speed cockpit display appara-
tus of claim 6 further comprising subdivisions inter-
posed medially between the parallel speed indicators for
further indicating speeds. | |

9. The omnidirectional speed cockpit dlsplay appara-
tus of claim 1 further comprising a plurality of speed
indicators arranged in a circle on the drum centered
around the first zero point mark for highlighting the
first zero point and for indicating speeds in dlrectlons
from the first zero point.

10. The omnidirectinal speed cockpit display appara-
tus of claim 1 further comprising a U-shaped speed
indicators having a semicircle extending in the rearward
speed indicating direction and centered on the first zero
point and having parallel legs extending in the forward
speed indicating direction for indicating speeds in rear-
ward and lateral directions near the first zero point.

11. The omnidirectional speed cockpit display appa-
ratus of claim 1 further comprising a safe rotor engage-
- ment and disengagement second envelope on the drum
and surrounding the first zero point.

12. The omnidirectional speed cockpit display appa-
ratus of claim 11 wherein the safe rotor engagement and
disengagement envelope is positioned around the zero
point In varied distances. |

13. The omnidirectional speed cockpit display appa-
ratus of claim 1 further comprising a fixed marker adja-
cent the drum in the faceplate for cooperating with the
drum to indicate speeds as the drum moves.

14. The omnidirectional speed cockpit display appa-
ratus of claim 1 the lateral flight indicator means-com-
prising a movable marker and means to mount the mov-
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able marker adjacent the drum and means to move the
movable marker transversely to motion of the drum.

- 15. The omnidirectional speed cockpit display appa-
ratus of claim 1 the face plate further comprising a
mounting plate having an opening revealing a portion
of the drum, and a fixed horizontal bar extending across
the opening for cooperating with the drum to present
indications of forward and rearward speed.

16. The omnidirectional speed cockpit display appa-
ratus of claim 15 further comprising zero and numerical
indications of speed along one of the upper and lower
edges of the opening and the lateral indicator means
comprising a vertically oriented movable bar mounted
between the opening and the drum for indicating with
respect to the numerical indications and the drum lat-

-eral .speed.

17. The ommdlrectlonal speed cockpit display of
claim 15 further comprising digital display means on the
plate adjacent the opening for indicating vectoral sum
of speeds.

18. The omnidirectional speed cockpit display of
claim 15 further comprising a movable indicator along
one lateral edge of the opening for indicating vertical
speed. |
19. The omnidirectional Speed cockpit display appa-
ratus of claim 1 further comprising a high speed limit
flag connected to the drum and relatively movable for
appearing in front of the drum and thereby presenting
an indication of high speed limit.

20. Omnidirectional speed cockplt display apparatus
for he11c0pters and the like comprising a mount, win-
dow means connected to the mount for presenting indi-
cations of speeds, and comprising changeable face
means having indications of lateral speed and forward
and rearward speed and safe flight envelope indications

connected to the mount for presenting changeable in-

strument face lateral speed and forward and rearward
speed indications with changeable safe flight envelopes
in the window means, horizontal bar means connected
to the mount for presenting with a fixed horizontal bar
and the changeable face indications of forward and
rearward speed in the window means, movable vertical
bar means connected to the mount for presenting with
the movable vertical bar means and the changeable face
indications of lateral speed and relation to safe flight
envelopes in the window means, and digital speed indi-
cating means connected to the mount for presenting
digital indications of vectoral speed sum in the window
means.

21. Omnidirectional speed eockplt display apparatus
for helicopters and the like comprising a mount having
a face plate, a central opening in the face plate, fixed
horizontal bar means connected to the face plate and
extending across the opening, with a face having mark-
ings of lateral speed and forward and rearward speed
and a safe flight envelope marked on the face on a rotat-

able drum mounted behind the face plate and appearing

through the opening for presenting by the fixed bar
means indications of forward or rearward speed, a lat-
eral flight indicator means moving left or right of a zero
point for indicating safety of flight and for indicating
lateral speed.

22. The omnidirectional speed cockpit display appa-
ratus for helicopters and the like of claim 21 the lateral
flight indicator meéans further comprising a bar moving
means connected to the mount and positioned behind
the face plate and a movable vertical bar connected to
the bar moving means and positioned within the open-
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ing whereby the movable vertical bar is presented
within the opening and cooperates respectively with
marks along the opening and with the movable face
mounted behind the opening for presenting indications
of speed in lateral directions and for presenting indica-
tions of lateral flight safety.

23. The omnidirectional speed cockpit display appa-
ratus of claim 21 further comprising digital display
means connected to the mount and mounted behind the
face plate and wherein the face plate has a window for
presenting digital displays and where the window is
posttioned adjacent the opening, and digital display
means mounted rearward of the window for presenting
vectoral sum of speeds.

24. 'The omnidirectional speed cockpit display means

apparatus of claim 23 further comprising switch means

connected to the digital display means and air density
means connected to the switch means for connecting
the air density means to the digital display means upon

activation of the switch means whereby air density is 20

displayed in the digital display means.
25. The omnidirectional speed cockpit display of
claim 24 further comprising an indicator light mounted
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on the face plate and means for energizing the indicator
light connected to the mount for presenting by illumina-
tion of the light an indication of rearward speed.

26. The omnidirectional speed cockpit display appa-
ratus of claim 21 further comprising an “OFF” flag
means connected to the face plate and means to drive
the “OFF” flag means for driving the “OFF” flag into
visibility in the opening when power to the display
apparatus 1s off.

27. 'The omnidirectional speed cockpit display appa-
ratus of claim 21 further comprising air/ground speed
flag means mounted adjacent the plate and drive means
connected to the air/ground speed flag means for driv-
ing the flag into visibility.

28. The omnidirectional speed cockpit display appa-
ratus of claim 21 further comprising a slot on the plate
where a vertical speed indicator means is mounted adja-
cent the slot and means connected to the plate and to
sald vertical speed indicator means for driving said
vertical speed indicator means to indicate vertical
speed.
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